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© This invention relates to a method of automatic 
vehicle operation which fulfills multi-dimensional per- 
formance indices by presetting the weight for power 
consumption, the weight for the riding contort, and 
the like. The modifying running time relative to the 
standard running time to be spent between two 
stations, the allowable power consumption relative to 
the standard power consumption to be spent for the 
standard running between two stations, and the de- 
gree of improvement of riding contort for the stan- 
dard running between two stations are set prior to 
the departure from a station so as to determine 
control parameters to be used for divided regions of 
distance between two stations, and the speed of the 
vehicle between two stations is controlled using the 
selected control parameters. 
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METHOD FOR AUTOMATICALLY CONTROLLING A VEHICLE 



The present invention relates to a method for 
automatically controlling a vehicle. 

Recently, methods of automatic operation of a 
train have been put into practice in various places 
in the world, in these conventional methods, a 5 
target speed pattern is generated, and control com- 
mands are issued to the traction controller or brake 
controller so that the actual train speed follows the 
target speed pattern (For example, refer to Japa- 
nese Patent Laid-open No. 57-36505.) For operat- w 
ing a train between two stations, according to these 
methods, a number of running patterns are pre- 
pared in advance and the train is operated by 
selecting and switching the running patterns de- 
pending on situations such as a delay on the train 75 
diagram. These methods are solely oriented to 
bring a train conformable to the diagram through 
the selection of a running pattern based on the 
running time. More recently, however, there arise 
demands for lower power consumption and better 20 
riding comfort in addition to the accurate operation 
on the train diagram. Examples of new demands 
are 10% power reduction in the summer season 
when the gross power consumption hits the peak 
and better riding comfort without vibration when 25 
there are few passengers, and the operation based 
on such multi-dimensional performance indices is 
not possible by the conventional method for the 
automatic train operation. 

It is an object of the present invention to pro- 30 
vide a method for automatically controlling a ve- 
hicle in such a manner that multi-dimensional per- 
formance indices including weights for the power 
consumption, riding comfort, and so on, can be 
fulfilled. The invention meets with this object by the 35 
method called for in claim 1 . 

The present invention will become more appar- 
ent from the following detailed description of an 
embodiment, taken in conjunction with the accom- 
panying drawings, in which: 40 

Fig. 1 is a block diagram of an automatic 
train operation controller; 

Fig. 2 is a graph used to explain the kinetic 
energy possessed by a train running between two 
stations; 45 

Fig. 3 is a graph used to explain the train 
speed in the same operating condition as in Fig. 2; 

Fig. 4 is a table showing the contents of the 
condition table provided in correspondence to the 
ground markers shown in Fig. 1 ; 50 

Fig. 5 is a table showing the contents of the 
alternative-table shown in Fig. 1 for power-saving 
control; 

Fig. 6 is a flowchart showing the process 
carried out at train departure by a microcomputer; 



Figs. 7A and 7B are flowcharts showing the ' 
process of train control; and 

Fig. 8 is a flowchart of the process of select- 
ing a column of alternative table for the power 
saving control. 

The method of automatic train operation control 
between two stations described below uses pre- 
determined control parameters, wherein one or 
more ground markers are placed between two sta- 
tions, and there are provided a table containing the 
train speed, residual running time and scheduled 
power consumption (per unit weight) estimated 
when the train has passed each ground marker in a 
minimum possible time, and further a table contain- 
ing the increased running time and decreased pow- 
er consumption in case the lower target speed is 
lowered for a certain distance after the train has 
passed each ground marker, so that the lower 
target speed which meets the target running time 
to the next station, that has been set before depar- 
ture, at the least power consumption is determined 
when the train passes each ground marker. 

The embodiment will now be described in de- 
tail. Fig. 1 is a block diagram showing the second 
embodiment of the automatic train operation con- 
troller. In the figure, reference number 101 denotes 
a device for receiving the limit speed signal at the 
current position of the train, 102 is a register for 
holding the limit speed signal, and 103 is a speed 
sensing generator. Reference number 104 is a 
speed calculator which counts distance pulses pro- 
duced by the speed sensing generator 103 to 
calculate the train speed v from the running dis- 
tance in a past second. Reference number 105 is a 
running distance calculator which counts distance 
pulses since the train has departed so as to evalu- 
ate the running distance I from the departing sta- 
tion. Reference number 106 >is a ground marker 
placed at a certain position between two stations, 
and a signal is generated in a ground marker 
detector 107 when the train passes the marker. 
The running distance measured at the detection of 
the ground marker 106 may be used to correct the 
error of the speed sensing generator. 

Reference number 108 is a device for setting 
the target running time spent until the train will stop 
at the arriving station, and the device is set when 
the train starts from the departing station. 

The target running time and target power con- 
sumption are set either through the switches 
equipped on the train or from the computer in the 
central operation command office through the com- 
munication line. The scheduled arriving time and 
power consumption are displayed in the train. 
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Reference number 1018 denotes a microcom- 
puter which realizes the control functions by ex- 
ecuting the stored programs as will be described 
shortly, in Fig. 1. the program is divided into func- 
tional blocks. The microcomputer 1018 has a pro- 
gram 109 for calculating the upper target speed v™ 
to be followed by the train based on the contents 
of the limit speed signal register 102 and a pro- 
gram 1010 which calculates the brake command 
based on the upper target speed v™ and train 
speed v. Reference number 1011 is a table con- 
taining the values of potential energy possessed by 
the train located at positions at altitudes corre- 
sponding to the distance 1 from the departing 
station, and 1012 is a program for calculating the 
current potential energy (altitude) of the train from 
the distance 1. Reference number 1013 is a con- 
dition table corresponding to the ground markers 
placed between two stations, 1014 is an alternative 
table for power-saving control containing the vaiues 
of increased running time and saved power con- 
sumption achieved when the target energy or tar- 
get speed is varied at each ground marker for a 
certain distance, 1015 is a program for calculating 
the target value of energy possessed by the train, 
1016 is a program for calculating the lower target 
speed v^by subtracting the current potential en- 
ergy from the target energy, and 1017 is a program 
for calculating the traction command from the lower 
target speed Vu and train speed v. 

The automatic train operation controller of Fig. 
1 controls the train speed using the target arrival 
time and power consumption calculated when the 
train has passed a certain position, based on the 
rule that the train is operated always in the same 
running pattern by the automatic operation for the 
maximum running performance thereby to achieve 
the minimal running time and power consumption, 
and in the case of alteration of control at a certain 
position between two stations, the original minimal 
running pattern can be restored with a certain in- 
crease in running time and decrease in power 
consumption. 

Fig. 2 is a graph used to explain energy pos- 
sessed by the train running between two stations, 
plotting the sum of potential and kinetic energies of 
the train on the ordinate against the distance from 
the departing station on the abscissa. On the 
graph, curve 1021 shows the kinetic energy at the 
limit speed, curve 1022 shows the kinetic energy at 
the upper target speett curve 1023 shows the 
standard running energy pattern, curve 1024 shows 
the power-saving running energy pattern, and curve 
1025 shows the potential energy of the train. 

When the train is operated to run in a minimal 
time by simply following the upper target speed 
Vn- sfrnc^d ri' r, rv'v i ^c-rrv rc" rr n f*"^ 



saving running energy pattern 1024 is shown, in 
which ground markers are placed at three positions 
*ci . tc2 an ci l C3 , and the train is operated to run 
following the lower target energy setup distance 
5 and its energy value at each position, (i ei . E P i), 
(*E2. £?2) and (te3. Ep3 )- This pattern is achieved 
by coasting. Declination of the curve is caused by 
the energy loss due to the running resistance such 
as the air resistance of the train. 
1 o Fig. 3 is a graph showing the train speed on 

the ordinate plotted against the distance on the 
abscissa in the same operation as of Fig. 2. On the 
graph, 1031 indicates the limit speed, 1032 in- 
dicates the upper target speed, 1 033 indicates the 
is standard running speed pattern, and 1034 indicates 
the power-saving running pattern. The train speeds 
at ground marker positions t C i. *C2 and lajare v cil 
Vc2 and v^, respectively. These values of speed in 
Fig 3 are proportional to values of energy shown in 

20 Fig. 2 subtracted by the potential energy at the 
respective positions. 

Fig. 4 shows the contents of the table 1013 
provided in correspondence to the ground markers 
shown in Fig. 1. The column for ground marker 0 

25 contains the initial value of standard residual run- 
ning time Tcowhich is the minimum running time 
required at starting, and the initial value of standard 
power consumption Eco which is the power con- 
sumption per unit weight at starting. Other column 

30 for ground marker i (i £ 3) contains the distance t ci 
from the departing station, the threshold speed v ci 
for the standard run, the standard (minimum) run- 
ning time Tcf for the remaining distance, and en- 
er 9Y EciUsed for the remaining distance. 

35 Fig. 5 shows the contents of the alternative 

table 1014 for power-saving control shown in Fig. 
1 , and the table contains a plurality of records, the 
number of which is represented by the power- 
saving control factor J (J = 3). This table indicates 

40 that the running time will increase by AT i and 
power will be saved by the a/nount of AEjif the 
train runs following the lower target energy E^ for a 
distance of l E j after the train has passed the 
ground marker N Ej , and also indicates that if this 

45 control is carried out, the control table of N-rj is 
included in the control and cannot be used. These 
values can be obtarned by way of simulation or 
through the experiment using the actual train. 

Figs. 6 to 8 are flowcharts of the microcom- 

so puter embodying the present invention. The 
flowchart of Fig. 6 represents the operation of the 
processing program which is executed when the 
train starts. The program, initiated in response to 
the start command to the train, reads the running 

55 time between stations set on the target running 
ti-nre setting device 108 so as to set up the target 

r^..^ i.,;^ ;o lufc iis>*a oi ii'.iucii siiiriaard running time 
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(T co ) in the condition table 1013 (step 1602), sets 
the power consumption to the field of initial stan- 
dard power consumption (E c0 ) (step 1603), and set 
the power-saving control flag to "0" (step 1604). 

The flowchart of Figs. 7A and 7B shows the 
processing of the train control program which is 
executed at a sampling interval of At (e.g., 100 
ms). The program, when initiated, first subtracts the 
sampling time At from the target running time and 
scheduled running time (step 701). Subsequently, 
the program checks whether the power-saving con- 
trol flag indicating the selection of the alternative 
table 1014 has a value j other than "0" (step 702), 
and resets the control flag (step 704) if the power- 
saving control flag is T (step 702) and if the 
running distance I is larger than the control com- 
pletion distance lq (step 703). If the power-saving 
control flag is "0" (step 705) or the running dis- 
tance t is in the vicinity of control completion 
distance l E j of column j of power-saving control 
table under control e.g., 5 m to the end, (step 706), 
the program selects the power-saving control table 
(step 707). At this time, if the power-saving control 
flag is "0" (step 708), the lower target speed v-ais 
set larger (e.g., 200 km/h) (step 709), or if the 
control flag has a value j (step 708), the lower 
target speed v-n. is obtained from the .lower target 
energy E pj per unit weight (having the unit of 
m 2 /s 2 ) and the potential energy Eh at the current 
position I obtained from the running distance I 
with reference to the distance vs. potential energy 
table 1011 (step 710). 

The potential energy Eh and lower target speed 
v-n. are calculated from the following equations. 

E h = Goh (1) 

Vtl = 3.6. yEpj .eh (2) 
where G is the gravitational acceleration (9.81 
m/s 2 ), h is the altitude (m) of the current position l, 
and constant 3.6 is a factor for converting the unit 
from m/s to km/h. 

Subsequently, in Fig. 7B, the program cal- 
culates the upper target speed v-rv from a speed 
corresponding to the contents of the limit speed 
signal register 102 (step 711). Next, the lower tar- 
get speed v-n. obtained previously is made lower 
than the upper target speed v-rv (step 712). Then, 
the program calculates the brake command BN 
from the upper target speed v-rv and the train 
speed v provided by the speed calculator 4, using, 
for example, the following equation (step 713). 

BN = (v - Vtv)oB 9 (3) 

where B g is the gain of the brake command applied 
to. the deviation of speed. 



Subsequently, if the brake command BN is 
produced (step 714), the traction command PN is 
made "0" (step 715), or if the former is absent, the 
traction command is calculated using, for example. 
5 the following equation (step 716). 

PN = (v TL -v)oP g (4) 

where P g is the gain of traction command applied 
70 to the deviation of speed. The calculated brake 
command BN or traction command PN is fed to the 
drive/brake unit (step 717), and one cycle of pro- 
cessing is completed. 

Fig. 8 shows the flowchart of the process for 
75 selecting the alternative table of power-saving con- 
trol, and this is an expansion of the step 707 shown 
in Fig. 7A. 

When the program enters this routine, it first 
checks the ground marker detector 107 to see 

20 whether the train has passed a ground marker 
during a period between the previous and present 
execution of the routine. If it is found that the train 
has passed a ground marker i, the program checks 
whether or not the train speed v is faster than the 

25 threshold speed v d which is the speed to achieve 
the minimum running time plus a marginal speed 
(e.g., 2 km/h) (step 801), and if this is true, the 
program proceeds to step 802. In case the train 
has passed the ground marker i at a speed faster 

30 than the threshold speed v ci , the standard residual 
running time T^ and standard power consumption 
Eci are set to the scheduled running time and 
power consumption (step 802). 

Next, the whole alternative table for power- 

35 saving control 1014 is made effective (step 803). 
Subsequently, steps 805, 810 and 811 are carried 
out by incrementing the value of j by the amount of 
power-saving control factor J. Namely, checking is 
made first whether the ground marker N ej for the 

40 beginning of control in the jth record of table is 
equal to or larger than the current ground marker i t 
and also whether it is invalidated by the selection 
of other control record (step 805). If the jth record 
can be selected, the target running time is com- 

45 pared with the scheduled running time added by 
the increased running time ATj, and if the train can 
run in time shorter than the target running time 
even under this control (step 806), this column j 
control table is selected and the scheduled running 

so time is increased by the increased running time 
AT,- and scheduled power consumption is de- 
creased by AEj (step 807). Next, the control table 
N-q which has no effect during this control is invali- 
dated (step 808). If the ground marker number for 

55 the beginning of control in the table is equal to the 
ground marker number i which is currently passed 
by the train, the power-saving control flag is made 
to have value j (step 809). if the power-saving 
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control factor J is smaller than ], the program 
returns to step 805, while incrementing j by one, 
and checks whether the table can be selected 
(steps 810 and 811). 

According to the present invention, the train is 
operated while calculating the presumed arrival 
time at the next station and power consumption 
time to time, allowing the marginal time to be used 
for the power-saving operation, and moreover, the 
train operation under the specified power consump- 
tion is also made possible. 

Although in the foregoing embodiment, the low- 
er target power consumption E pj is set each posi- 
tion of ground marker, the calculation related to 
potential energy may be omitted if the railroad has 
small variation of slope. 

The alternative table for power-saving 1014 of 
J in number has the priority in the ascending order 
of the number, allowing the marginal time to be 
spent later and the like. The control table may be 
selected not only based on the running time, but 
on the target power consumption, or alternatively, it 
may be selected solely based on the target power 
consumption. 

Although in the foregoing embodiment, the lo- 
cation of the train is determined using ground 
markers, it may be determined solely based on the 
running distance 1 from the departing station. The 
output of the distance calculator may be corrected 
using the running distance I obtained from the 
count at the detection of the ground marker and 
the actual distance l d in the table. 

As described above, this embodiment has the 
information table on the increased running time and 
saved power consumption when train is operated to 
follow the lower target speed or lower target power 
consumption after the train has passed one or 
more positions between two stations, allowing the 
selection of optimal control at each position based 
on the target running time, target power consump- 
tion, and the like, whereby the train can be op- 
erated to meet conditions of arrival time at the next 
station and power consumption. 



Claims 

T. A method for automatically controlling a ve- 
hicle in accordance with control commands for 
operating a traction controller and a brake control- 
ler of the vehicle in order to run with required 
speed patterns through s plurality of regions into 
which the distance between two stations is divided, 
comprising: 

(a) a step of preparing 

a first table (1CJ13) containing standard train 



scheduled power consumption estimated when the 
vehicle is run with a standard speed pattern, 

a second table (1014) containing increased 
running time and decreased power consumption in 
5 case the vehicle is run for a predetermined dis- 
tance under a state in which its lower target speed 
is lowered as to each of the regions; 

(b) a step of designating a target running 
power which is required for the vehicle running to 

70 the next station before the vehicle departs; 

(c) a step of running the vehicle by said 
control commands in accordance with said stan- 
dard speed patterns; 

(d) a step of substracting the time lapsed 
75 after the vehicle departure from said target running 

time to calculate a target residual running time 
permitting the vehicle to arrive at the next station; 

(e) a step of calculating a reduced target 
speed lower limit value for saving the power con- 

20 sumption corresponding to the surplus time equal 
to the difference between the target residual run- 
ning time and the standard residual running" time 
with reference to said first and second tables when 
the vehicle passes by the standard points relating 

25 to the respective regions; and 

(f) a step of running the vehicle at a speed of 
said reduced target speed lower limit value for a 
predetermined distance designated by said second 
table. 

30 2. A method according to claim 1 , wherein said 
second table memorizes the lower target energy 
corresponding to said reduced target speed, further 
comprising a step of preparing a third table repre- 
sentative of the relation between the running dis- 

35 tance from the departure station and the potential 
energy of the vehicle, and a step of calculating said 
reduced target speed lower limit value on the basis 
of said lower target energy stored in said second 
table and said potential energy stored in said third 

40 table corresponding to the present position of the . 
vehicle. 

3. A method according to claim 1 or 2, wherein 
said second table memorizes a relation among 
running distance under reduced speed from each 

45 of the standard points, increased running time and 
saved power consumption, so that the running dis- 
tance under reduced speed from a standard point 
can include the running distance under reduced 
speed from the next standard point. 

so 4. A method according to any of claims 1 to 3, 

wherein said standard points relating to the respec- 
tive regions are determined on the basis of the 
departure station. 

5. A method according to any of claims 1 to 3, 

55 wherein said standard points relating to the respec- 
tive regions are "detected by receiving signals from 



9 



0 257 662 



6. A method according to claim 5, wherein said 
ground markers placed between stations are sub- 
stituted by positional information derived from the 
running distance measured since the trains has 
started from the departing station. 
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© Method for automatically controlling a vehicle. 

© This invention relates to a method of automatic vehicle 
operation which fulfills multi-dimensional performance indices 
by presetting the weight for power consumption, the weight for 
the riding confort, and the like. The modifying running time 
relative to the standard running time to be spent between two 
stations, the allowable power consumption relative to the 
standard power consumption to be spent for the standard 
running between two stations, and the degree of improvement 
of riding confort for the standard running between two stations 
are set prior to the departure from a station so as to determine 
control parameters to be used for divided regions of distance 
between two stations, and the speed of the vehicle between 
two stations is controlled using the selected control parame- 
ters. 
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